The volatile compositions of juice and peel of clementine (Citrus reticulata  Citrus sinensis var. Commune), mandarin (Citrus reticulata Blanco var. Willow Leaf) and their hybrids were analyzed by headspace solid-phase extraction (HS-SPME) coupled with gas chromatography and either a flame ionization detector (FID) or a mass spectrometer (MS). The major compounds of the volatile fractions of clementine and mandarin were limonene and limonene/-terpinene, respectively. The volatile compositions of juice and peel of the same fruit showed qualitative and quantitative differences. The data analysis established the existence of three main groups based on volatile compounds that correlated with sample genotypes (clementine and mandarin) and fruit samples (peel and juice).
Citrus fruits have an important role in the world economy, and in local regions of the Mediterranean area, such as Corsica, they are consumed either directly or processed [1] . There are several methods for the preparation of commercial Citrus juice and the processing mode influences the quality of the juice aroma [2a,2b] . While analysis enables the identification and determination of abundant flavors and off-flavors that directly affect the sensory quality of Citrus fruits [3a] , it remains difficult to establish a link between sensory characteristics and chemical composition in terms of volatile compounds.
HS-SPME directly coupled with GC and/or GC/MS has previously been used to analyze mandarin juice odors [3a-3d] . According to the literature, limonene was the major compound in the juice of C. clementina var. Commune, the Spanish Hernandina variety, Clemenules and mandarin Fortuna varieties, and sweet orange Philippine Dalandan [3a,3c,3d,3e] . Limonene and -terpinene were the two main compounds of C. reticulata Blanco var. Willow Leaf juice [3a] . Limonene and -terpinene have also been identified as major constituents of essential oils from C. reticulata var. Willow Leaf and C. clementina var. Commune peels and were considered as statistical markers [4] . Differences were observed between the concentrations of volatile compositions from two samples of Satsuma mandarin [C. unshiu (Mak.) Marc.] juice produced from whole and peeled fruits [5a,5b] . The aim of the present work was the characterization of the juice and peel volatile fractions from clementine, mandarin and their hybrids by means of triple-fiber SPME (DVB/CAR/PDMS) coupled with GC-FID and GC-MS. Moreover, comparisons were made using statistical analysis (cluster analysis (CA) and principal component analysis (PCA)) to identify possible relationships between the composition of volatiles in the juice and the peel of the same fruit. To our knowledge, this is the first study that addresses the possible correlation between the peel and juice of Citrus species using SPME.
Analysis of volatiles of the juices and peels of clementine, mandarin and their hybrids led to the identification of 54 components (32 monoterpenes, 14 sesquiterpenes and eight nonterpenic compounds) using HS-SPME/GC and GC/MS (Tables 1 and 2) . Among them, 44 components were identified by comparing their electron impact (EI)-MS and retention indices with those of our own library. The 10 other compounds (para-cymenene (11), isopiperitone (27), decanol (31), methyl-Nmethylanthranilate (37), decyl acetate (40), (E)-farnesene (43), -ionone (46), (Z,E)--farnesene (47), -sinensal (53) and -sinensal (54)) were identified by comparison of their EI-MS and retention indices with those of commercial libraries and/or literature data [6a-6d] .
In the present study, 44 and 31 components amounting to 94.2 to 99.6% of the total volatile composition were identified in juices and peels, respectively ( Table 1) . All the volatile fractions were dominated by monoterpenic hydrocarbons (juice: 92.1-95.5%; peel: 93.7-96.4%). Indeed, juice and peel profiles of Clementine (C) and clementine hybrids (H C ) were characterized by large amounts of limonene (12) (86.3-92.9%), whereas the juice and peel profiles of mandarin (M) and mandarin hybrids (H M ) exhibited high contents of limonene (12) (66.3-80.5%) and -terpinene (14) (10.7-21.1%). These results differed from those reported in the literature for juices of [7] established that limonene contributes little to the aroma of mandarin juice and that methyl-N-methylanthranilate, thymol, -pinene, -terpinene and -sinensal are the main Volatile constituents of Citrus juice and peel Natural Product Communications Vol. 6 (10) 2011 1497 contributors to mandarin flavors. These quantitative differences between literature and our observations can be attributed to the genetic diversity of the studied Citrus varieties and environmental effect, but also the effect of sample preparation and the degree to which peel oil is introduced into the juice are also critical factors. Clemnules is a selection of bud sport mutation of Nules clementine distinguished from Commune clementine by a later fruit maturity. Fortuna mandarin is genetically very different from Willow leaf mandarin because it resulted from a cross hybridization between Dancy mandarin and clementine.
To synthesize the chemical composition data, PCA and CA (dendrogram) were applied to the matrix linking the volatile composition and Citrus fruits. As shown in Figure  1 , the principal factorial plane (constructed with axes 1 and 2) summarizes 54.2% of the whole variability of the volatile fraction. The plot established according to the first two axes suggested the existence of three groups ( Figure  1 ). The first axis (F1 eigenvalue: 37.3%) correlated positively with clementine, mandarin and hybrid peels (group I) and negatively with their corresponding juices. This result was linked to qualitative differences between peel and juice volatile fractions from Citrus fruits. Thus, some chemical markers (for instance: -terpinene and para-cymenene) were identified in juice volatile fractions (Table 1) . Conversely, sabinene and geranyl acetate were only reported in peel volatile fractions. The second axis (F2 eigenvalue: 16.9%) highlighted the opposition between clementine juices (group II) and mandarin juices (group III). These results were in accordance with those of the literature [3a,3d] . Group I, corresponding to peel profiles, can also be subdivided into two subgroups, one related to the mandarin profile type and the second to the clementine profile type. Observed diversity is higher in juice essential oil composition than in peel essential oil composition. This contrast might suggest a potential variation in regulation of genes involved in the metabolic pathways of these components into two fruit tissues.
The general structure of the dendrogram (Figure 2 ) obtained by CA confirms the existence of three main groups: group I (clementine and mandarin peels), group II (clementine juices) and group III (mandarin juices). Thus, CA reinforces the clustering observed using PCA, grouping all the samples from Citrus fruits into the three same clusters. Finally, we showed that there is a positive correlation between the volatile compositions of peels and juices of clementine and mandarin and their hybrids. Furthermore, we showed that there is a negative correlation between the juices and the peels in the same fruit. Moreover, the literature data [5b] showed that the concentration of volatile compounds was higher in the juices from whole fruits than in those from peeled fruits. Indeed, the essential oils from the flavedo contaminated all the juices and this contamination can adversely affect the juice flavors [5b]. This result implies that the presence of the peel during pressing can either negatively or positively affect the flavor of fruit juice. Finally, further work should be performed on the industrial processes (with or without peel) used for the preparation of Citrus commercial juices that cause a change in the juice flavor.
Experimental
Fruits: Mature fruits were sampled randomly from trees of C. reticulata  C. sinensis var. Commune, C. reticulata Blanco var. Willow Leaf and of twelve cross-pollinated hybrids maintained in the INRA-CIRAD citrus germplasm at INRA research station of San Giuliano (Corsica, France). These hybrids were chosen according to the chromatographic profiles of the juice volatile fractions: six (H C ) exhibited aroma profiles close to that of the clementine parent and the other 6 (H M ) exhibited aroma profiles close to that of the mandarin parent [3a] . From each tree, 12 fruits were harvested; 6 were used to obtain the peel and 6 were used to obtain the juice. The juices were extracted by hand pressing both halves of the whole fruit using a rotary juice extractor. To obtain the peel, the fruit was peeled (1 g is useful for analysis). In the text, we applied the following notations: i) Cj and C p and M j and M p were the clementine (C) and mandarin (M) juices (j) and peels (p), respectively, and ii) H Cj1 -H Cj6 , H Mj1 -H Mj6 , H Cp1 -H Cp6 and H Mp1 -H Mp6 were the juices (j) and peels (p) of the clementine (H C ) and mandarin (H M ) hybrids, respectively.
HS-SPME: HS-SPME was carried using the optimized experimental conditions described previously [3a] . Ten mL of juice or 1 g of peel was added to a 20 mL vial. These samples were subjected directly to headspace with the solid phase microextraction (HS-SPME). NaCl 20% was added in the vial for the inhibition of enzymatic reactions in the juice [8a] . The SPME device (Supelco) with a DVB/CAR/PDMS (2 cm, 30 μm) fiber was used for extraction from the headspace. The temperature was 40°C, and the equilibration and extraction time was 2 h. GC and GC/MS: GC were carried out using a Perkin-Elmer Autosystem XL GC apparatus (Waltham, MA, USA), whereas a Perkin-Elmer Turbo mass detector (quadrupole), coupled to a Perkin-Elmer Autosystem XL, equipped with fused-silica capillary columns Rtx-1 and Rtx-Wax was used for GC/MS analysis under the experimental conditions reported earlier [3a] .
Identification of the components was based i) on comparison of their GC retention indices (RI) on non polar and polar columns, determined relative to the retention time of a series of n-alkanes with linear interpolation, with those of authentic compounds or literature data [6b,6d]; and ii) on computer matching with commercial mass spectral libraries [6a-6c] and/or a laboratory-made library.
Statistical analysis: Data analyses were performed using principal component analysis (PCA) and canonical analysis (CA). Both methods aim at the reduction of the multivariate space in which objects (volatile fractions) are distributed, but which are complementary in their ability to present results [8b,8c] . PCA was carried out using function 'PCA' from the statistical XLSTAT software. The canonical analysis produced a dendrogram (tree) using the Ward's method of hierarchical clustering based on the Euclidean distance between samples. PCA and CA are data mining tools that are useful for providing unsupervised visual classification of multivariate GC data [8d].
